Study objectives: The aim of this study was to evaluate the early and long-term outcomes in patients undergoing aortic root replacement (ARR) with the Bentall procedure. 
S
ince its introduction, the Bentall operation has been considered to be the "gold standard" in the surgical treatment of combined valve and ascending aorta pathology. 1 In the present study, we reviewed our own series of patients who underwent composite aortic root replacement (ARR) with coronary artery reimplantation employing the Bentall procedure for ascending aortic aneurysms and dissections.
Materials and Methods
We reviewed the records of all the patients with chronic aortic aneurysms who had undergone composite ARR and valve replacement with a Bentall operation between January 1986 and January 2002. Forty-eight percent of the procedures were performed in the first decade of the study (ie, from 1986 to 1996), and 52% were carried out in the last 5 years. Altogether, between 1986 and 1996, the Bentall operation was used in 31.1% of the patients undergoing a composite ascending aorta and aortic valve replacement in our institution. In contrast, during the last 5 years, the Bentall operation represented 49.3% of the procedures for ascending aorta replacement with aortic valve reimplantation (p ϭ 0.02). In all, 72 consecutive patients were eligible for the study. The preoperative characteristics are summarized in Table  1 . Annuloaortic ectasia was the most frequent cause of aortic disease in this series (31 patients; 43.1%), followed by type A dissection (19 Table 2 . Standard moderate hypothermic (28°C) cardiopulmonary bypass was generally used. Ten patients (13.8%) had extensive aortic disease involving the aortic arch that required concomitant partial or total aortic arch replacement. In these patients, circulatory arrest with profound hypothermic circulatory arrest (18°C to 22°C), retrograde cerebral perfusion, or selective antegrade cerebral perfusion through a direct cannulation of both the innominate branch and left carotid artery, or using the technique first proposed by Kazui et al, 2 were employed. Myocardial protection consisted of antegrade infusion of crystalloid cardioplegia and topical hypothermia.
All the procedures were performed as previously described, employing the inclusion technique and, more recently, the end-to-side reimplantation of the coronary ostia using the "button" technique. 1, 3, 4 A Cabrol fistula 5 between the periprosthetic space and the right atrium was created in 25 patients (34.7%) who underwent ARR with the inclusion technique, in order to decompress the perigraft space, thus reducing tension at the suture lines, which may be responsible for pseudoaneurysm formation.
In case of a repeat procedure with a difficult mobilization of the coronary ostia or in case of complex repairs, a Cabrol technique 3 was preferred for composite ARR. Furthermore, since 1997, a "valve-sparing" operation (ie, the Tirone David I "reimplantation" technique) 6 was preferred in case the valve cusps were macroscopically normal, with valve insufficiency secondary to root dilatation. From the first postoperative day, all patients with mechanical prostheses started a regimen of lifelong treatment with warfarin sodium (Coumadin; Du Pont Pharmaceuticals; Wilmington, DE). The target international normalized ratio was 2.5 to 3.0. Antiplatelet therapy was continued in patients who had undergone concomitant coronary artery bypass surgery.
All clinical data were obtained by a retrospective review of medical records, and postoperative follow-up information was obtained by written and/or telephone communication. The duration of follow-up ranged from 2 to 192 months (mean [Ϯ SD] duration, 86.6 Ϯ 23.8 months). Infectious, thromboembolic, and bleeding complications were recorded, as required by American Association of Thoracic Surgery/Society of Thoracic Surgeons/ European Association for Cardio-Thoracic Surgery guidelines. 7 Patients underwent transthoracic Doppler echocardiography at hospital discharge and at a mean time of 86.6 Ϯ 23.8 months postoperatively (range, 2 to 192 months). ECGs were performed (Sonos 1000/2500/5500 systems; Hewlett Packard; Andover, MA) with 2.5-MHz and 5.0-MHz ultrasound transducers (Hewlett Packard) and were recorded on VHS videotape for subsequent review. Measurements and calculations were carried out in accordance with published criteria. 8 The degree of aortic regurgitation was evaluated following standard echocardiographic criteria. 9 All data were analyzed with a statistical software package (SPSS for Windows, version 8.0; SPSS, Inc; Chicago, IL). Continuous data were presented as the mean Ϯ SD, and discrete variables were presented as percentages. Discrete variables were analyzed by the 2 test or the Fisher exact test, and continuous variables were analyzed by one-way analysis of variance. Actuarial freedom from deaths/events were calculated by the KaplanMeier method and were reported with 95% confidence intervals. A p value of Ͻ 0.05 was judged to be statistically significant. Results
Mortality and Morbidity
The 30-day mortality rate was 5.5% (4 of 72 patients). The rate was 0% for patients with a nondissecting aortic aneurysms and 21% for those with dissections (p Ͻ 0.001). The causes of death were as follows: low-output syndrome (two patients); multiorgan failure (one patient); and sepsis (one patient). Early nonfatal events included bleeding requiring surgical reexploration (eight patients; 11.1%), myocardial infarction (five patients; 6.9%), acute renal insufficiency (five patients; 6.9%), pulmonary insufficiency (five patients; 6.9%), lowoutput syndrome (four patients; 5.5%), and stroke (three patients; 4.1%).
During the follow-up period there were two late deaths, 18 and 34 months postoperatively, that were due to pulmonary neoplasm and cerebrovascular accident, respectively. The mean actuarial survival rates at 1, 10, and 16 years, were 94.5 Ϯ 2.6%, 91.7 Ϯ 3.2%, and 91.7 Ϯ 3.2%, respectively (Fig 1) . The hazard of death at 16 years was 8.5 Ϯ 3.5%, and it became constant beyond 3 years. The mean 5-year survival rates for patients operated on before and after 1996 were 89.5 Ϯ 4% and 91.5 Ϯ 2%, respectively (log-rank, 1.16; p ϭ 0.28).
The mean 16-year survival rate did not differ significantly between patients with nondissecting aneurysms or dissections (94.3 Ϯ 3.4% vs 90.1 Ϯ 4.5%; log-rank, 2.1; p ϭ 0.132).
Valve-Related Complications and Symptomatic Status
No patient required reoperation. Furthermore, clinical follow-up was marked by a complete absence of endocarditis, anticoagulant-related hemorrhage, valve thrombosis, and prosthetic failure. Thus, freedom from these events was 100%. At follow-up, there was an improvement in symptomatic status, as assessed by mean New York Heart Association (NYHA) class (1.3 Ϯ 0.1; p Ͻ 0.001 [postoperatively vs preoperatively]), with 69.7% of patients in NYHA functional class I and 30.3% in NYHA II. No patients were in NYHA class III or higher.
Echocardiographic Measurements
ECG control subjects showed a postoperative reduction in mean end-systolic dimensions (at hospital discharge, 38.5 Ϯ 1.9 mm; at last follow-up, 34.6 Ϯ 1.1 mm; vs preoperatively, 46.2 Ϯ 3.1 mm; p ϭ 0.02 and p ϭ 0.01, respectively) and end-diastolic dimensions (at hospital discharge, 56.2 Ϯ 4.4 mm; at last follow-up, 53.9 Ϯ 3.1 mm; vs preoperatively, 62.3 Ϯ 5.5 mm; p ϭ 0.03 and p ϭ 0.02, respectively). Changes in mean septum thickness (at hospital discharge, 1.33 Ϯ 0.1 cm; at follow-up, 1.30 Ϯ 0.1 cm; vs preoperatively, 1.34 Ϯ 0.1 cm; difference not significant), mean posterior wall thickness (at hospital discharge, 1.22 Ϯ 0.1 cm; at followup, 1.21 Ϯ 0.1 cm; vs preoperatively, 1.28 Ϯ 0.1; difference not significant), and mean fractional shortening (at hospital discharge, 41 Ϯ 7%; at followup, 46.4 Ϯ 9%; vs preoperatively, 41.3 Ϯ 8%; differences not significant) did not reach statistical significance. Early postoperatively peak and mean transvalvular gradients gradient were 25 Ϯ 3 mm Hg and 12 Ϯ 6 mm Hg, respectively. At the last followup, those values were 16 Ϯ 3 mm Hg and 9 Ϯ 1 mm Hg, respectively (difference not significant). The mean aortic root diameter was 3.1 cm at hospital discharge and 3.2 cm at follow-up control (difference not significant). At hospital discharge, aortic insufficiency was judged to be absent or trivial in 55 patients (80.9%), mild in 11 patients (16.1%), and moderate in 2 patients (3%). At follow-up, aortic insufficiency was absent or trivial in 62 patients (94%) and mild in 4 patients (6%). No patient had an insufficiency that was graded moderate or higher.
Discussion
Since Cooley et al 10 and Cooley and De Bakey 11 in 1956 first described the resection of an aneurysm of the ascending aorta with the use of cardiopulmonary bypass and proposed the employment of hypothermia in the treatment of aortic aneurysms, many surgical techniques have been reported for the treatment of annuloaortic ectasia and other disorders of the ascending aorta that are associated with aortic regurgitation. In 1964, Wheat and coworkers 12 first performed a successful replacement of the aortic valve in continuity by separate graft valve repair. In the same period, Groves and coworkers 13 proposed the supracoronary method, and, later, Creech 14 introduced the inclusion technique for the repair of aortic aneurysms. In 1968, Bentall and De Bono 1 described the total replacement of the ascending aorta and aortic valve with a composite tubular graft containing a prosthetic valve with side-to-end reimplantation of the coronary artery ostia to the graft. This technique reduced the risk of recurrent proximal aortic aneurysm, 15, 16 and it quickly became the treatment of choice for patients with annuloaortic ectasia, ascending aortic dissection, and other disorders of the ascending aorta and aortic valve. Nonetheless, concerns have been raised about the traction on the aortic wall at the level of the reimplanted ostia when a classic Bentall operation is performed because it may lead to hemorrhage, which is difficult to control because of the inaccessibility of the anastomosis sites. 17, 18 In addition, pseudoaneurysms of the coronary ostia or distal aortic suture have been reported to occur frequently. 19 For these reasons, many modifications to the original technique have been proposed, the most common of which is the coronary button (Carrel patch) technique 6, 20 and the Cabrol technique. 2 The theoretical advantages of the coronary button technique include a better exposure of the anatomic structures, an improved surgical access for the control of hemostasis, and a more anatomic reconstruction. 21 Potential disadvantages of the open technique include the time necessary to mobilize the coronary ostia, the risk of damaging these vessels, the possibility of occlusion caused by tension, and its nonfeasibility in case of aortic dissection. 20, 22 With the Cabrol technique, all bleeding sites can be easily visualized and the formation of pseudoaneurysms at the coronary ostia is avoided. However, the technique may carry the potential risk of various late complications such as kinking of the limbs of the coronary Dacron graft and occlusion of the limb of the right coronary artery. 18 Since 1986, we have used primarily the Bentall composite ARR with coronary artery reimplantation for the treatment of chronic ascending aorta aneurysms and dissection. This technique was performed in 49.3% of the ascending aorta and valve replacement procedures carried out in our institution in the past 5 years. In our study, the early mortality rate was 5.5% (4 of 72 patients), and no patient undergoing a Bentall procedure for a nondissecting aneurysm died within 30 days. There were two late deaths due to pulmonary neoplasm and cerebrovascular accident, and the long-term (ie, at 16 years) survival rate was satisfactory (91.7 Ϯ 3.2%), with the risk of death becoming constant beyond 3 years (8.5 Ϯ 3.5% at 16 years). No patient in this series required reoperation, and long-term clinical follow-up was marked by a complete absence of endocarditis, anticoagulant-related hemorrhage, valve thrombosis, and prosthetic failure.
Finally, patients showed a significant improvement in NYHA functional status (p Ͻ 0.001 vs preoperative values). The inclusion technique, as originally described by Bentall and De Bono, 1 was in the past our method of choice for the composite replacement of the ascending aorta and aortic valve. In our experience, this technique reduced the risk of recurrent proximal aortic aneurysm by removing the entire diseased aortic wall. A Cabrol operation was used only in the following specific situations: patients undergoing repeat procedures; in the presence of an extensive calcification of the aneurysmal aorta; or when the coronary ostia were quite low (ie, Ͻ 1.5 cm above the annulus) and the direct reimplantation was difficult; or when using the technique might lead to an excessive tension on ostial anastomoses. In our current policy, the open technique, including direct implantation of coronary buttons and a distal anastomosis to the completely divided ascending aorta, is the preferred method of ARR. This technique allows an increased length of artery with a reduced gap between the aneurysm wall and the graft with minimal tension on the anastomoses. The employment of the "button" technique further reduced, in our practice, the indications for the Cabrol operation, which actually is rarely used and is only used when the excision of the coronary ostial buttons is really difficult or not feasible (ie, in some repeat procedures or complex repairs).
Limitations of the Study
Our investigation has some strong limitations that have to be pointed out, as follows: the retrospective nature of this clinical study; the small number of patients remaining at risk beyond 10 years; and the small number of events, which reduced the strength of the statistical analysis.
Conclusions
The late results of the Bentall operation were satisfactory. In our opinion, this technique still should be considered to be the procedure of choice for ARR with coronary reimplantation.
